There is an emerging body of evidence implicating iron in carcinogenesis and in particular colorectal cancer, but whether this involves Wnt signalling, a major oncogenic signalling pathway has not been studied. We aimed to determine the effect of iron loading on Wnt signalling using mutant APC (Caco-2 and SW480) and wild-type APC (HEK-293 and human primary fibroblasts) containing cell lines. Elevating cellular iron levels in Caco-2 and SW480 cells caused increased Wnt signalling as indicated by increased TOPFLASH reporter activity, increased mRNA expression of two known targets, c-myc and Nkd1, and increased cellular proliferation. In contrast wild-type APC and b-catenin-containing lines, HEK 293 and human primary fibroblasts were not responsive to iron loading. This was verified in SW480 cells that no longer induced iron-mediated Wnt signalling when transfected with wild-type APC. The cell line LS174T, wild type for APC but mutant for b-catenin, was also responsive suggesting that the role of iron is to regulate b-catenin. Furthermore, we show that E-cadherin status has no influence on iron-mediated Wnt signalling. We thus speculate that excess iron could exacerbate tumorigenesis in the background of APC loss, a common finding in cancers.
Introduction
Aberrant activation of Wnt signalling represents a major oncogenic process integral to the evolution and development of many epithelial cancers including cancers of the gastrointestinal (GI) tract, in particular colorectal cancer (Bienz and Clevers, 2000; Clevers, 2006; Segditsas and Tomlinson, 2006) . Wnt signalling culminates in b-catenin accumulation in a complex with the transcription factor T-cell factor/lymphoid enhancer factor (TCF/LEF) and results in activation of target genes, including the oncogene c-myc (He et al., 1998) . In the absence of a Wnt signal, b-catenin levels are tightly regulated to prevent inappropriate oncogene activation. Simplistically, this regulation occurs at the level of the destruction complex composed of the proteins APC, GSK-3b and Axin. Upon binding to this complex, bcatenin is phosphorylated and marked for ubiquitination and proteosomal degradation.
APC mutations are prevalent in all familial adenomatous polyposis patients and in the vast majority of sporadic colorectal cancer patients and represent one of the earliest genetic aberrations (Groden et al., 1991; Kinzler et al., 1991; Miyoshi et al., 1992) . These mutations cause protein truncations and lack of functionality culminating in increased b-catenin/TCF complexing and target gene activation (Clevers, 2006) .
There is an emerging body of evidence also implicating dietary iron in colorectal carcinogenesis, though whether iron is able to modulate Wnt signalling has not been addressed to date. Evidence of a role for iron in colorectal carcinogenesis is multifactorial coming from epidemiological, animal and cellular studies (Young et al., 1990; Nelson, 2001; Seril et al., 2002; Pierre et al., 2003; Shaheen et al., 2003; Ilsley et al., 2004; Mainous et al., 2005; Brookes et al., 2006) .
In normal individuals only approximately 10% of dietary iron (inorganic iron and haem) available in the gut lumen is absorbed to meet metabolic needs, the remaining 90% passing through the GI tract. Thus, high levels of iron have been reported within the colonic lumen, which could induce reactive oxygen species and cellular damage including DNA adduct formation (Toyokuni, 1996) . This may in part account for the epidemiological observations of a strong association of iron with colorectal cancer risk (Nelson, 2001) . These epidemiological associations are further supported by the observation that patients with HFE mutations have an increased risk of colon cancer (Shaheen et al., 2003) .
It is also clear from animal models that when diets high in iron are co-administered with a carcinogen, such as azoxymethane or cyclic dextran sodium sulphate, colorectal tumour incidence and tumour multiplicity are increased (Seril et al., 2002; Ilsley et al., 2004) . In one study, it was demonstrated that diets high in both haem and haemoglobin mediated a dramatic increase in the number of aberrant crypt foci; the very earliest detectable colonic lesion (Pierre et al., 2003) .
At the cellular level, we have recently demonstrated that in the human colonic adenoma-carcinoma sequence, there is increased cellular iron deposition associated with increased expression of proteins involved in cellular iron uptake including transferrin receptor 1 (TfR1) and divalent metal transporter 1 (DMT1) and a concomitant loss of expression and functionality of proteins mediating cellular iron efflux, namely hephaestin and ferroportin (Brookes et al., 2006) .
The effect of this observed increased intracellular iron on cell behaviour is unclear, though several in vitro studies suggest that inorganic iron treatments can induce both cellular proliferation and decrease expression of E-cadherin, a cell adhesion molecule commonly repressed in epithelial carcinogenesis and coupled to Wnt signalling (Munro et al., 1995; Orsulic et al., 1999) . Whether haem can also cause increased cellular proliferation and E-cadherin repression is currently unclear.
Thus, the study aims were firstly to utilize in vitro models of colorectal cancer to determine whether excess iron could induce Wnt signalling and if so, whether this was APC dependent and led to increased cellular proliferation. This may shed light on whether excessive iron can potentially mediate Wnt signalling in a colonic mucosa that has a wild-type APC such as might be found in normal individuals, or whether an APC genetic aberration is essential for iron to modulate Wnt signalling. Secondly, to address whether iron-mediated Wnt signalling is a consequence of previously documented iron-mediated E-cadherin repression, and thirdly to determine whether iron-mediated E-cadherin repression is APC dependent.
Results
The effect of elevated cellular iron levels on Wnt signalling Initially, cellular iron content was assessed in four lines following culture with FeSO 4 -loaded medium (IL), Hemin-loaded (HL) medium or unsupplemented growth medium, using a ferrozine assay (Figure 1 ). Control Caco-2, SW480, HEK-293 and primary human dermal fibroblasts showed low iron levels; while upon culturing in IL and HL medium, there was a significant increase in iron levels in all lines (Figure 1 ).
The effect of FeSO 4 loading (IL) and Hemin loading (HL) on Wnt signalling in the APC mutant containing lines Caco-2 and SW480 was assessed using the well-characterized TOPFLASH Wnt reporter assay (Figure 2a ). IL and HL treatment of Caco-2 and SW480 resulted in statistical increases (Po0.05) in TOPFLASH (TOP) reporter luciferase activity (Caco-2; 249% (IL TOP) and 180% (HL TOP), SW480; 162% (IL TOP) and 152% (HL TOP)). Transfection with the scrambled promoter construct FOP followed by culture with either IL or HL showed only minimal background reporter activity.
The activation of Wnt signalling by IL and HL in both Caco-2 and SW480 cell lines was further verified by significant inductions in the mRNA expression of two well-characterized canonical Wnt signalling targets; c-myc ( Figure 2b ) and Nkd1 (Figure 2c ).
In this series of experiments, LiCl was employed as a positive control since it induces Wnt signalling by acting as a GSK-3b inhibitor. Challenging both Caco-2 and SW480 cells with LiCl resulted in significant increases in both c-myc and Nkd1 mRNA expression as anticipated. However, when co-culturing these two cell lines with LiCl and either FeSO 4 (IL þ LiCl) or Hemin (HL þ LiCl), we observed an additive response above treatment with LiCl, IL or HL alone.
To address whether iron-mediated Wnt signalling was APC dependent the wild-type APC containing line HEK-293 was FeSO 4 and hemin loaded and TOP-FLASH activity (Figure 3a) c-myc and Nkd-1 mRNA expression examined (Figures 3b and c, respectively) .
IL TOP and HL TOP failed to show any induction in relative luciferase activity compared to control ( Figure 3a ) and this was mirrored by no change in c-myc or Nkd1 mRNA levels (Figures 3b and c) . To address, if this inability of iron to induce Wnt signalling was a consequence of a fully functional b-catenin destruction complex, we co-challenged HEK-293 cells with FeSO 4 /Hemin and LiCl, which for the purpose of these experiments served to act in a comparable manner to inducing a non-functional APC. In these experiments, inorganic iron and hemin treatment alone could not induce TOPFLASH reporter activity, though when cochallenged with LiCl, TOPFLASH reporter activity was dramatically induced above either IL TOP, HL TOP or LiCl alone (Figure 3a) . These findings were mirrored at the level of c-myc and Nkd1 mRNA expression ( Figures  3b and c) . These observations were also further confirmed when using the human colorectal cell line RKO which is also wild type for APC and b-catenin (Supplementary Data). To support the hypothesis that iron can only induce Wnt signalling in a background of a non-functional APC, we restored wild-type APC into SW480s and assessed the effect of IL and HL on Wnt signalling. Restoration of full-length wild-type APC was verified by western blotting (Figure 4a ). Challenging shamtransfected cells with IL and HL resulted in a statistical increase in TOPFLASH reporter activity (Figure 4b ). However, this IL-and HL-mediated induction was inhibited when cells were transfected with wild-type APC (Figure 4b ). This inability of iron to mediate Wnt signalling in a background of wild-type APC was supported by examining c-myc and Nkd1 mRNA expression (Figures 4c and d, respectively) . While sham-transfected SW480 cells showed significant increases in c-myc and Nkd1 mRNA expression following culture with IL or HL, transfection with APC inhibited this IL-and HL-mediated c-myc and Nkd1 induction (Figures 4c and d) . By treating APC-transfected cells with LiCl in conjunction with either IL or HL, we were once more able to restore IL-and HL-mediated c-myc and Nkd1 induction to a level comparable to IL and HL sham-transfected SW480 cells (Figures 4c  and d) .
It is likely that APC's role in iron-mediated Wnt signalling is to regulate b-catenin and in a background of a non-functional APC b-catenin is no longer degraded. This is likely to induce b-catenin-TCF signalling that can be amplified by iron. To confirm the importance of b-catenin, we initially overexpressed a constitutively activated form of b-catenin (S37A) into the cell line RKO. Cells transfected with S37A were responsive to IL and HL in terms b-catenin TCF signalling compared to sham-transfected cells which did not induce a Wnt signal upon IL or HL (Supplementary Data). To verify these findings, we also utilized the human colorectal cell line LS174T which contains a wild-type APC and mutated b-catenin ( Figure 5 ). Performing a TOPFLASH reporter assay on LS174T cells challenged with FeSO 4 (IL TOP) or hemin (HL TOP) resulted in a significant increase in reporter activity (Figure 5a ), which was mirrored at the level of c-myc ( Figure 5b ) and Nkd1 (Figure 5c ) mRNA expression. Furthermore, to demonstrate the importance of b-catenin/TCF signalling, we chose to overexpress a dominant-negative TCF4 protein and determine whether iron-mediated Wnt signalling could be inhibited. Indeed, expression of DN-TCF4 did result in significant inhibition of basal TOPFLASH reporter activity (Control þ DN-TCF4) and also completely abolished the iron-mediated inductions observed in non-DN-TCF expressing cells ( Figure 5a ). These data were also consistent at the level of the target genes c-myc ( Figure 5b ) and Nkd1 ( Figure 5c ). IL-and HL-mediated inductions in c-myc and Nkd1 were completely inhibited when cells were transfected with dominant negative TCF4.
The effect of iron on cellular proliferation APC wild type and mutated cell lines To assess whether these mechanistic observations culminated in a change in cellular proliferation, since this is tightly coupled to Wnt signalling, we performed a BrdU assay (Figure 6 ). FeSO 4 loading and hemin loading both Caco-2 and SW480 lines mediated significant increases in proliferation, which was not observed in the APC wild type containing line HEK-293. Though consistent with previous observations when culturing HEK-293 cells with IL or HL in the presence of LiCl, a significant increase in cellular proliferation was observed, which was above the level of cellular proliferation observed with LiCl alone (Figure 6 ). Culturing cell line LS174T with FeSO 4 or hemin also demonstrated increased cellular proliferation (data not shown).
Is iron-mediated Wnt signalling E-cadherin dependent?
To test whether iron-mediated Wnt signalling was E-cadherin dependent, E-cadherin negative primary human dermal fibroblasts were challenged with FeSO 4 and Hemin. IL and HL alone had no effect on TOPFLASH activity; however, on co-culture with LiCl (IL TOP þ LiCl and HL TOP þ LiCl), there was a significant increase in TOPFLASH activity above LiCl alone (Figure 7a ). These observations were mirrored at the level of c-myc mRNA expression (Figure 7b ). Unfortunately, we were unable to verify these results using Nkd1 mRNA expression as there was no detectable Nkd1 mRNA in this line.
These data suggest that providing there is a loss in the b-catenin destruction complex, iron can induce Wnt signalling and that this is E-cadherin independent.
Is iron-mediated E-cadherin repression APC dependent?
We had previously demonstrated that iron could also cause a repression in E-cadherin and that this was mediated at the promoter level (Brookes et al., 2006) . However, whether hemin could also cause E-cadherin repression and whether this iron-mediated repression is APC dependent was not investigated. Thus, we cultured the mutant and wild-type APC containing lines Caco-2 and HEK-293 with IL and HL and determined E-cadherin mRNA expression (Figures 8a and b , respectively). In both Caco-2 and HEK-293 cells, there was a significant decrease in E-cadherin mRNA expression following IL and HL suggesting that hemin could also repress E-cadherin mRNA expression and that APC status was not important in iron-mediated E-cadherin repression. We further noted that LiCl alone was able to repress E-cadherin mRNA expression and that IL or HL in conjunction with LiCl did not produce an additive repression in E-cadherin mRNA expression (Figures 8a  and b) . The observation of LiCl-mediated E-cadherin repression is consistent with previous evidence that suggests that this is due to Snail induction through activated Wnt signalling (Rao et al., 2005) . To further validate this result, SW480 cells were transfected with either full-length human wild-type APC (SW480 þ APC) or empty vector alone and we then assessed the effect of IL and HL on E-cadherin mRNA (Figure 8c ) and protein expression (Figure 9 ). Treating sham-and APC-transfected SW480 cells lines with either IL or HL mediated a similar fold repression in E-cadherin mRNA. Comparable to the Caco-2 and HEK-293 data, LiCl alone was able to repress E-cadherin mRNA expression and that IL or HL in conjunction with LiCl did not produce a further repression in E-cadherin mRNA expression. This observation was mirrored at the protein level where both IL and HL caused a significant repression in E-cadherin protein expression in both sham and APCtransfected SW480 cells (Figures 9a and b) . These data therefore suggest iron-mediated E-cadherin repression is APC independent.
Discussion
The objective of this study was to examine whether iron could induce Wnt signalling, the major oncogenic signalling pathway underlying colorectal carcinogenesis (Clevers, 2006) . In this study, we demonstrated for the first time that inorganic iron and haem could both induce Wnt signalling and initially this appeared to be dependent on APC status. In cell models that harboured an APC mutation both inorganic iron and haeminduced Wnt signalling, while in cell models that contained both wild-type APC and b-catenin, ironmediated Wnt signalling could only be triggered by abrogating the b-catenin destruction complex.
Further experimentation though using a wild-type APC containing line, LS174T, which harbours a constitutively active mutant b-catenin molecule, demonstrated that iron could still induce a Wnt signal but this could be abolished through expression of a dominant negative TCF (Kolligs et al., 1999) . This suggested to us that the inductions in b-catenin/TCF activity and Wnt target genes c-myc and Nkd1 were not a consequence of an APC-dependent effect which was independent of b-catenin. But rather that the presence of a nonfunctional APC was to allow evasion of b-catenin from the b-catenin destruction complex causing it to accumulate and mediate b-catenin-TCF signalling (Clevers, 2006) . Thus, it would appear that iron can only amplify a Wnt signal in a background where b-catenin evades the destruction complex either through truncating mutations in APC or activating mutations in b-catenin.
Our data also suggest that in cell models that harbour an APC mutation, Wnt signalling capacity is not saturated and that exogenous supplementation with inorganic iron or haem could further induce this oncogenic pathway as exemplified by the additive effect of co-culture with LiCl. These data support the observation that Wnt signalling and the resulting b-catenin nuclear accumulation is a gradual process through colorectal carcinogenesis rather than a saturated process that occurs once APC becomes abrogated (Fodde et al., 2001) .
In the context of this and our previous study, the induction in cellular proliferation demonstrated by treating Caco-2 and SW480 with inorganic iron and/or haem is likely to be a consequence of Wnt signalling, with several Wnt target genes shown to be integral in cell cycle regulation (He et al., 1998; Shtutman et al., 1999; Brookes et al., 2006) However, it was our other reported observation that iron could cause a repression in E-cadherin that led us to address the effect that iron may have on Wnt signalling (Brookes et al., 2006) . We hypothesized, like others, that E-cadherin repression could potentially cause liberation of adherens junctional b-catenin causing an increase in cytoplasmic b-catenin levels. This in turn would trigger b-catenin/TCF signalling, and in the background of a non-functional b-catenin destruction complex, trigger Wnt target gene activation (Nelson and Nusse, 2004) . Thus, it was of great surprise that when fibroblasts, a cadherin negative cell line, were treated with LiCl in conjunction with either inorganic iron or haem, there was a marked induction in Wnt signalling above that observed for LiCl alone. This suggests that iron can trigger Wnt signalling through a cadherin independent route.
We and others had previously reported inorganic iron-mediated E-cadherin repression, though what was unclear was whether haem could also cause a repression and whether this was also dependent on a pre-existing APC mutation. Our data presented suggest that hemin was as effective as inorganic iron in mediating a repression in E-cadherin and that this process was APC independent. How iron is modulating the expression of E-cadherin is unclear, though we speculate that it could be due to an induction in the transcription factor Snail, a known E-cadherin repressor overexpressed in colorectal cancer (Palmer et al., 2004) . This is supported by a recent study which suggested that LiClmediated E-cadherin repression was a consequence of Wnt signal mediated Snail induction (Rao et al., 2005) . Alternatively, iron might be mediating E-cadherin promoter methylation, which has been documented to occur in 44% of colorectal cancers (Miranda et al., 2006) . Thus, our data suggest that iron can induce Wnt signalling in the presence of an APC or b-catenin mutation. This results in target gene activation that is sensitive to dominant negative TCF. Interestingly, one target gene that has been implicated in iron transport is the oncogene c-myc. Several studies have shown that c-myc can induce both TfR1 and IRP2 expression and cause a repression in the iron storage protein ferritin (Wu et al., 1999; Habel and Jung, 2006; O'Donnell et al., 2006) . In our previous characterization of the iron transport proteins in the colorectal adenoma-carcinoma sequence, we showed precisely that; increased TfR1 and a loss of ferritin expression, which was associated with elevated intracellular iron deposition in the development of colorectal cancer (Brookes et al., 2006) . This was counterintuitive since one might predict decreased TfR1 and increased ferritin expression in the presence of elevated colonocyte iron (Rouault, 2006) . We thus speculate that the observed changes to TfR1 and ferritin expression in colorectal cancer could be a direct consequence of iron-mediated Wnt signalling and c-myc induction. Such inductions in c-myc would elevate TfR1 and further accelerate cellular iron uptake, which in the absence of adequate ferritin stores could mediate a number of pathways in addition to Wnt signalling. If c-myc induced by iron-mediated Wnt signalling also induces IRP2 in colorectal cancer, this would further act to raise the IRP2:iron ratio causing the cell to behave in an iron deficient manner despite having high levels of intracellular iron and thus further inducing TfR1, DMT1 mRNA expression and repressing ferritin protein expression.
The data presented herein also support the animal models of iron supplementation that show that iron alone is insufficient to induce carcinogenesis, but in the background of a carcinogen, iron could increase colorectal tumour incidence and tumour multiplicity (Seril et al., 2002; Pierre et al., 2003; Ilsley et al., 2004) .
Interestingly, from this study, we have been unable to determine any differential effects of treating with inorganic iron or hemin. However, according to extensive literature a meat-(haem) rich diet is more closely associated with colorectal cancer than diets in which the iron is predominantly inorganic (Lee et al., 2004; Chao et al., 2005; Norat et al., 2005) . We speculate that this observation can be accounted for by firstly the increased avidity with which haem is absorbed in the GI tract compared to inorganic iron (Uzel and Conrad, 1998; Latunde-Dada et al., 2006) . Secondly, many of the detrimental effects of iron that have been proposed including the generation of reactive oxygen species can be counteracted by the relatively high levels of antioxidants that are found in fruit and vegetables, but are lacking in red meat. Thirdly, while in our studies, we were unable to observe any differential response to hemin or inorganic iron in terms of Wnt signal activation and E-cadherin repression, it is certain that haem triggers a plethora of other signalling cascades through activated haem-oxygenase-1, which could further contribute to carcinogenesis (Maines and Gibbs, 2005; Oates and West, 2006) . However, ultimately we speculate that the effect of free intracellular iron, either from inorganic iron uptake or from haem catabolism, is likely to be the same on Wnt signalling and E-cadherin.
From a clinical perspective, there are important potential ramifications of these observations in the management of patients with iron deficiency anaemia. Iron-deficiency anaemia is an important indicator of underlying GI cancer, and lower GI cancer guidelines identify unexplained iron deficiency as an indication for urgent investigation. According to our in vitro observations, if patients are supplemented with iron in the background of an existing APC or b-catenin mutation, such as might be present in patients with adenomas, then iron might accelerate the malignant progression from adenoma to carcinoma. This clearly needs urgent further clarification.
Materials and methods

Cell culture
Caco-2, a well-differentiated E-cadherin expressing colorectal line containing a truncated APC; SW480, a poorly differentiated colorectal cell line characterized by low levels of E-cadherin and a truncated APC; HEK-293, an E-cadherin expressing cell line with wild-type APC, LS174T a human colorectal APC wild type and b-catenin mutant containing line and human primary dermal fibroblasts, which are APC wild type, and E-cadherin negative were all routinely cultured in Dulbecco's modified Eagle's medium (Invitrogen Ltd, Paisley, UK) with 10% fetal calf serum supplemented with 1% non-essential amino acids, 100 U/ml penicillin and 0.1 mg/ml streptomycin.
Iron loading Cells were challenged upon reaching 70% confluence with either growth medium alone (control), ironloaded medium (growth medium supplemented with 100 mM FeSO 4 and 10 mM sodium ascorbate) or Hemin-loaded medium (50 mM) for 24 h. These concentrations of FeSO 4 and Hemin have been used in other studies and have been shown to be optimal in terms of cell viability and cellular proliferation (data not shown).
Ferrozine assay
Iron levels were assayed as previously described (Brookes et al., 2006) . Protein concentrations were assessed by BCAt protein assay (Pierce Biotechnology Inc, Rockford, IL, USA).
TOPFLASH assay
Wnt signalling was assessed using the well-described TOP-FLASH assay (Korinek et al., 1997) . Briefly, cells were transiently transfected using Lipofectamine 2000 or Lipofectamine Plus reagent according to the manufacturer's instruction with 0.5 mg of reporter (pGL3/TOP or pGL3/FOP plasmids, which contain the luciferase gene controlled by a TCF-responsive promoter or a scrambled promoter, respectively), and 0.05 mg of internal control plasmid pRL/CMV in the presence or absence of a dominant-negative TCF4 construct (Kolligs et al., 1999) . At 24 h post-transfection, cells were challenged with or without FeSO 4 (100 mM) or hemin (50 mM) in the presence or absence of LiCl (20 mM) (known inhibitor of GSK-3b) for 24 h. Luciferase activity was determined using the dual luciferase reporter assay (Promega Corporation, Madison, WI, USA) and expressed as % relative luciferase units. Control cells (cells transfected with pGL3/ TOP and cultured in growth media alone) were normalized to 100%. TOPFLASH activity was also assessed in SW480 cells transiently co-transfected with pEGFP-C/APC (human fulllength APC kind gift of Dr Inke Nathke, University of Dundee, Dundee, UK) (Penman et al., 2005) or pEGFP-C1 (empty vector) along with either pGL3/TOP or pGL3/FOP and pRL/CMV.At 24 h post-transfection, cells were treated with iron in the presence or absence of LiCl (20 mM) for 24 h. Cells were processed either for luciferase measurements, realtime PCR or western blotting. Transfection efficiency was determined by utilizing a b-galactosidase assay and data were only analysed from experiments that attained a minimum of 40% transfection efficiency.
Real-time PCR RNA was extracted from cells using Trizol reagent according to manufacturer's instructions, followed by cDNA synthesis using a reverse transcription system (Promega). cDNA was then utilized in real-time PCR reactions as previously described (Brookes et al., 2006) . Briefly, reactions were performed using 18S ribosomal RNA as an internal standard (PE Biosystems, Roche, IL, USA) and contained gene specific probes and primers to either c-myc (Probe 5 
BrdU proliferation assay
The BrdU assay was performed according to manufacturer's instructions (Roche Diagnostics Ltd, Burgess Hill, West Sussex, UK). Briefly, cells (1 Â 10 5 /ml) were plated into 96-well plates and cultured with control growth medium until attaining 70% confluence. Fresh medium with or without FeSO 4 (100 mM) or hemin (50 mM) in the presence or absence of LiCl (20 mM) was added and incubation was continued for 24 h. Cells were labelled with BrdU, fixed and DNA denatured with FixDenat solution followed by incubation with anti-BrdU and immune complex detection using a TMB substrate reaction with the reaction product assessed at 370 nm.
Western blotting
Western blotting was performed as described previously, with antibodies to the C-terminal fragment of APC (C-20, 1:200 dilution; Autogen Bioclear UK Ltd, Calne, Wiltshire, UK), b-actin (C4, 1:1000 dilution; Autogen Bioclear) E-cadherin (1:1000 dilution; BD Biosciences, San Jose, CA, USA) and cytokeratin 19 (CK19) (1:2000 dilution; Oncogene Research Products, Cambridge, MA, USA).
Statistics
Statistical significance was calculated by use of the unpaired Student's t-test. All analyses were performed using SPSS version 10.0 (SPSS Inc., Chicago, IL, USA). Significance was accepted at Po0.05. Data presented is the mean of three independent experiments each performed in triplicate.
